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Abstract: It is common knowledge that issues of Sustainable Development are gaining im-
portance in everyday life.  In the field of Materials Science and Engineering almost every aspect of 
material usage is now subject to environmental consideration. Engineers play a significant role to 
help achieving sustainable development throughout the world. It is impossible to be a professional 
in engineering area and ignore the environmental challenges and opportunities for their sustainable 
decisions. The main task of higher school is to equip society with professionals who can address our 
21-st century sustainable living challenges. If the universities are eager to attract the brightest stu-
dents and industry companies want to get high qualified employees who are equipped with appro-
priate knowledge and skills, then environmental education for sustainability is now recognized as 
essential. The author makes an accent on the urgent need for a transformation of engineering educa-
tion globally through implementing environmental component within higher education institutions 
and in professional training programs. 
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The technological advances that have transformed our world over the last 20 years have been 
founded on developments in Materials Science and Engineering. Materials are evolving faster today 
than at any time in history; enabling engineers to improve the performance of existing products and 
to develop innovative technologies that will enhance every aspect of our lives. Materials Science 
and Engineering has become a key discipline in the competitive global economy and is recognized 
as one of the technical disciplines with the most exciting career opportunities. It is common 
knowledge that the social order for a transformation of graduate knowledge and capabilities comes 
from industry and prospective learners respectively. It is very important that the latest information 
about global systems and current and emerging strengths to address sustainability challenges are 
to be integrated into engineering education in a timely manner.  
In order to meet the challenge of achieving sustainable development two initiatives are cur-
rently discussed:  
- Development of a wide range of freely available, so called “Engineering Sustainable Solu-
tions Programs” (ESSP) [1];  
- Development of a rapid transition strategy for curriculum renewal in engineering education 
through curriculum renewal framework. 
Materials science and Engineering is arguably the most important engineering discipline. 
Materials have always been important to the advance of civilization: entire eras are named after 
them. After evolving from the Stone Age through the Bronze and Iron Ages, now in the modern era 
we have vast numbers of tailored materials to make use of. We are really living in the Materials Age 
[2]. 
The field of Materials Science deals with all classes of materials from a unified viewpoint 
and with an emphasis on the connections between the underlying structure and the processing, prop-
erties, and performance of the material. A materials scientist studies how materials react when under 
different conditions and understands that all materials can be approached from a common set of 
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principles. Most fields in science and engineering are concerned in some way or other with materi-
als, but only the field of materials science and engineering focuses directly on them.  
For teacher it is very important to understand how Environmental Materials can be taught 
under the broad title of Materials Science; how it can be most effectively delivered to students; and 
how it might be assessed. Life Cycle Analysis is essentially a method of considering the entire envi-
ronmental impact, energy and resource usage of a material or product [3]. It is often known as 
a 'cradle-to-grave' analysis and can encompass the entire lifetime from extraction to end-of-life dis-
posal. Life cycle analysis can be an extremely effective way of linking many different aspects of the 
environmental impacts of materials usage.  
Over last 7 years Kazan National Research Technical University  has won 9 TEMPUS pro-
jects. Thanks to TEMPUS project « Modernization of two cycles (MA, BA) of competence-based 
curricula in Material Engineering according to the best experience of Bologna Process» 
(MMATENG) we have got a platform which through a transfer knowledge model provides us with 
mentoring and support from a wide range of experts and leading higher education institutions  inter-
nationally. We have received advanced technological solutions such as «Granta Design» program 
which contains a comprehensive database for project teaching and  Eco-Design. Using this program 
in Lab design activities it brings easier for students to develop ecological-professional competen-
cies. It facilitates students to make assessment of the Eco-impact which a product could have 
throughout its life cycle or to select environmental materials, make sustainable decisions towards 
applying green technologies (see Figure 1).  
The methods by which students obtain the information can vary, depending on the level of 
initiative expected from the students. It could be presented via conventional lectures, with support-
ing multi-media material. If students are given more time and responsibility for their learning, they 
could be required to undertake a literature survey, however with this method it is quite common for 
important information to be missed or not understood. The area of environmental materials presents 
an exceptionally good opportunity for other teaching and learning methods that are much more suit-
ed to the quite subjective and rapidly changing nature of the subject such as: 
- Group discussion; 
- Self-directed information review; 
- Market research; 
- Case-study work. 
In order to make a transition to engineering education for sustainable development, it is criti-
cal to systematically address a number of common key elements (regardless of which academic in-
stitution) within the curriculum renewal process. Driving factors for undertaking a curriculum re-
newal process include the need to address industry and government demand for engineering gradu-
ates who are literate and competent in addressing sustainable development; the need to meet chang-
ing student expectations on course content (i.e. recruitment); and the need to respond in a critical 
timeframe of one decade. Table 2 comprises the identified key elements of Curriculum Renewal 
Framework [4]. 
It is critical that higher education institutions undertake curriculum renewal to make the tran-
sition to engineering education for sustainable development. The task of universities is to consider 
a range of incentive mechanisms for encouraging lecturers to commit to course renewal. Participa-
tion in TEMPUS projects can be used as a tool encouragement through funding opportunities for 
university staff. 
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Fig. 1.  Teaching Environmental Materials with Granta Design program 
 
Table 1. – Curriculum  Renewal Framework: Identified Key Elements 
Awareness Raising Activities: Facilitate opportunities for staff and students to become aware of 
the current context of sustainability, through activities such as keynote lectures, keynote addresses, 
lunchtime seminars, 
media articles, and profiling of existing sustainability related initiatives and/or champions within the 
university. 
Scoping Workshops with Key Staff: Undertake scoping workshops involving academic staff and 
other collaborators within the university hierarchy, to work through a SWOT Analysis (strengths, 
weaknesses, opportunities and threats) and Gap Analysis relating to sustainability, across the pro-
gram/s of focus. This 
includes consideration of the university’s ‘Graduate Attribute’ requirements for graduating students 
and how sustainability knowledge and skills relate to these requirements. 
Desktop Audit & Classification of Programs: Identify all areas that conflict with recognized sus-
tainability principles, theory and application, through an assessment and classification of all courses 
in the program/s of focus. Map out where courses need to be further developed with embedded 
sustainability content, renewed, or replaced. Include the scoping of resource and timing require-
ments for existing course renewal and new course development/ replacement. This element facili-
tates planned and strategic incorporation of content across (breadth) and within (depth) program 
curriculum, in order for students to successfully transition in their exposure to sustainability content 
within their discipline area. It is a collective group, departmental, program and course planning ini-
tiative that depends on participation of program and course convertors to scaffold the introduction 
of introductory, then detailed content on technologies and advancements appropriate to the disci-
pline area. It is also critical that the audit and classification of programs acknowledges requirements 
for changes to course assessment and representation in course outlines. 
New Curriculum - Existing Course Renewal (Integrated Approach) 
Introductory Level: Develop and embed sustainability content in a case study format, across first 
year courses in the program of focus. This needs a commitment from the first year teaching team 
with teaching support to embed materials into lecture/ tutorial/ workshop/ assignments/ laboratories/ 
site visits. 
Detailed (Intermediate – Advanced) Level: Develop and embed content for those courses identi-
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fied as needing minor changes. For example, in a numerical methods course, this could involve 
bringing in programming that incorporates ‘efficiency’ calculations, which may not have been con-
sidered previously. Develop and embed content for those courses identified as needing major 
changes. Here it is important to address the issue of managing the lag time between training in sus-
tainability content and the demand for graduates with this new knowledge and skill set. Planned and 
strategic integration of ‘detailed’ sustainability content will cater for such changing graduate skill 
requirements. 
New Curriculum - New Course Development/ Replacement (Flagship Approach) 
Introductory Level: Develop a common introductory course for first year students to ‘kick-start’ 
the transition process. This may comprise either replacement of a previous course, or development 
of an existing course. 
This is also an opportunity to engage staff to begin their professional development in sustainable 
development content. This approach requires one or more ‘champion lecturers’ with teaching sup-
port. 
Detailed (Intermediate – Advanced) Level: Develop new courses to cater for learning in new sus-
tainability content areas, previously not addressed in the program, replacing courses that no longer 
cater for graduate employment. As for existing course renewal, it is important to address the issue of 
managing the lag time between training in sustainability content and the demand for graduates with 
this new knowledge and skill set. Planned and strategic development and replacement with interme-
diate to advanced sustainability content will cater for such changing graduate skill requirements. 
Outreach and Bridging (Recruitment): Use courses as outreach and bridging material for students 
considering study in the field. First year courses could be promoted to high schools as an accelerat-
ed Year 12 course. Masters first year/ introductory core courses could also be promoted internally to 
other sectors within the university, and to international potential student audiences. 
 
In KNRTU-KAI during realization TEMPUS project 9 Core Modules (taught by Depart-
ment of Material Science, Welding and Manufacturing Safety) and 3 transferable modules (taught 
by Department of Economics and Management on Enterprise) were determined as targeted. Current 
curricula in Material Engineering was reviewed and analyzed. New and upgraded modules in Mate-
rial Engineering are now in process. 
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